A bacterial strain, designated as ZFJT-2 T , was isolated from the stem of Geum aleppicum Jacq. collected from Taibai Mountain in Shaanxi Province, north-west China. Cells of strain ZFJT-2 T were Gram-stain-negative, strictly aerobic, rod-shaped and motile by means of a single polar flagellum. The major fatty acids were summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c), C 16 : 0 , 11-methyl C 18 : 1 !7c and summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c), and the DNA G+C content was 58.3 mol% (HPLC). Phylogenetic analyses based on 16S rRNA gene sequences showed that strain ZFJT-2 T was a member of the genus
The genus Rhizobium was first described by Frank (1889) and its description was emended by Young et al. (2001) . Phylogenetically, this genus was classified into the family Rhizobiaceae, order Rhizobiales and class Alphaproteobacteria . At the time of writing, the genus Rhizobium includes more than 80 species with validly published names (Parte, 2016) . Species of the genus Rhizobium are traditionally considered as legume endosymbionts, and most of them have been isolated from nodules on leguminous plants (Amarger et al., 1997; Chen et al., 1991; Wang et al., 2011) . Members of this genus have also been isolated from other sources such as soil, bioreactors and activated sludge (Hunter et al., 2007; Quan et al., 2005; Yoon et al., 2010; Zhang et al., 2011) . In addition, some species of the genus Rhizobium have been found as endophytes of non-legume and legume hosts such as rice, wheat, maize, lesser duckweeds, Rosa rugosa and Phaseolus vulgaris (Bibi et al., 2012; Kittiwongwattana & Thawai, 2013; López-López et al., 2010; Peng et al., 2008; Rosenblueth & Martinez-Romero, 2004; Schloter et al., 1997) . During a study of diversity of endophytic bacterial communities associated with traditional Chinese medicinal plants in Taibai Mountain, Shaanxi Province, north-west China, strain ZFJT-2 T was isolated from the surface-sterilized stem of Geum aleppicum Jacq. On the basis of phenotypic and genotypic data and phylogenetic analysis of 16S rRNA, atpD, recA and glnII gene sequences, it is proposed that the new isolate represents a novel species of the genus Rhizobium, for which the name Rhizobium gei sp. nov. is proposed.
Strain ZFJT-2 T was isolated from healthy stem samples of a traditional Chinese medicinal herb, Geum aleppicum Jacq., collected in May 2012 from Taibai Mountain (33  57¢ N  107 45¢ E). Stem samples were carefully washed in running water to remove surface soil and subjected to a five-step surface-sterilization procedure as described by Zhang et al. (2013) . After that, surface-sterilized stems were cut into small fragments and macerated using a sterile pestle and mortar in sterile distilled water. Macerated samples were serially diluted in sterile distilled water, spread-plated onto †These authors contributed equally to this work. Partial sequences of the housekeeping genes atpD (474 bp) and recA (517 bp) were determined using methods and primers reported by Gaunt et al. (2001) , and the partial glnII gene (555 bp) was amplified according to the method of Turner & Young (2000) . A neighbour-joining phylogenetic tree based on the concatenated atpD and recA gene sequences was reconstructed using the Kimura two-parameter model (Kimura, 1980) in the MEGA 5.1 software as described above. In the concatenated tree (Fig. 2) , strain ZFJT-2 T also formed a coherent phylogenetic group with the type strains of R. herbae and R. giardinii. Sequence similarities of atpD, recA and glnII genes between strain ZFJT-2 T and closely related type strains are given in . Therefore, these two type strains were grown under the same conditions as the novel isolate and used as reference strains for DNA-DNA hybridization and phenotypic characterization.
R. nepotum
The DNA G+C content of strain ZFJT-2 T was 58.3 mol%, determined by HPLC according to the method of Mesbah (1989) . DNA-DNA hybridization was performed fluorometrically by using photobiotin-labelled probes in microplate wells as described by Ezaki et al. (1989) . Hybridization was performed at 46 C in the presence of 50 % formamide, with five replications for each sample. The highest and lowest values obtained for each sample were excluded, and the means of the remaining three values are quoted as DNA-DNA relatedness values. Strain ZFJT-2 T exhibited DNA-DNA relatedness of 17.6 and 41.9 %, respectively, with respect to R. giardinii KACC 10720 T and R. herbae CCBAU 83011 T , confirming that this strain represents a taxonomically independent species (Wayne et al., 1987) .
PCR amplifications of the nodC and nifH genes were performed by using primers and conditions as described by Laguerre et al. (2001) . Cross-nodulation tests were performed between strain ZFJT-2 T and the three legume species Medicago sativa, Vigna radiata and Trifolium repens. Seeds of these legume plants were surface-sterilized, germinated and inoculated with strain ZFJT-2 T by the methods of Trujillo et al. (2005) . Ensifer meliloti USDA 1002 T , a strain nodulating M. sativa, was used as a positive control, and non-inoculated seedlings were used as negative controls. Strain ZFJT-2 T did not form nodules on these three legume plants. The nodC and nifH genes were also not detected by PCR in the novel strain.
Cell morphology was examined by transmission electron microscopy (Hitachi HT7700) with cells grown for 48 h at 28 C on YMA. Gram staining was performed as described by Doetsch (1981) . The temperature range (4, 7, 10, 15, 25, 28, 30, 33, 37 and 42 C), NaCl tolerance [0, 0.5, 1, 2, 3, 4 and 5 % (w/v)] and pH range (4.0-11.0) for growth were tested in YM broth as described by Zhang et al. (2014) . Anaerobic growth was tested on YMA at 28 C in an anaerobic jar by using AnaeroGen anaerobic system envelopes (Oxoid). Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine, and catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 . Hydrolysis of starch (0.2 %, w/v), casein [3 % (w/v) skimmed milk; Difco], CM-cellulose (0.5 %, w/v) and L-tyrosine (0.5 %, w/v) was tested by using YMA as the basal medium according to the methods of Kim et al. (2012a) . Hydrolysis of gelatin and aesculin was determined according to the methods of Smibert & Krieg (1994) . The utilization of sole carbon and nitrogen sources was determined according to the method described by Gao et al. (1994) . Antibiotic resistance was tested with ampicillin, chloramphenicol, kanamycin, neomycin sulfate, streptomycin, tetracycline and vancomycin at concentrations of 5, 50, 100 and 300 µg ml Àl using YMA medium. Activities of constitutive enzymes and other physiological properties were determined by using the API ZYM, API 20NE and API 20E strips (bioM erieux) following the manufacturer's instructions, except that the incubation temperature was 28 C.
Cells of strain ZFJT-2 T were Gram-stain-negative, strictly aerobic, rod-shaped and motile by a single polar flagellum (Fig. S2) . Growth of strain ZFJT-2 T occurred at 10-33 C (optimum, 28-30 C), at pH 7.0-9.0 (optimum, pH 7.0) and in the presence of 0-0.5 % (w/v) NaCl (optimum, 0 %). Other phenotypic features of strain ZFJT-2 T are summarized in the species description. Differential characteristics of the novel strain and the type strains of R. giardinii and R. herbae are shown in Table 2 .
For whole-cell fatty acid analysis, strain ZFJT-2 T and the two reference strains were grown on YMA at 28 C for 2 days. The physiological age of the four bacterial cultures was standardized according to the protocol given by MIDI (http:// www.microbialid.com/PDF/TechNote_101.pdf). Cells at the exponential growth phase were harvested, and cellular fatty acids were saponified, methylated and extracted using the standard protocol of the MIDI Sherlock Microbial Identification System (version 6.0). Fatty acids were analysed by GC (Hewlett Packard 6890N) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Strain ZFJT-2 T contained summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c; 55.8 %), C 16 : 0 (13.3 %), 11-methyl C 18 : 1 !7c (10.0 %) and summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c; 8.4 %) as the major fatty acids. The fatty acid profile of strain ZFJT-2 T mainly differed from that of its closest phylogenetic relative, R. herbae CCBAU 83011 T , with respect to the amounts of summed feature 8, C 16 : 0 , summed feature 3 and 11-methyl C 18 : 1 !7c (Table 3 ). The presence of 11-methyl C 18 : 1 !7c, C 18 : 0 3-OH and 10-methyl C 19 : 0 , the absence of C 17 : 0 cyclo and C 19 : 0 cyclo !8c, and differences in the respective proportions of summed feature 2 (comprising any combination of C 12 : 0 aldehyde, an unknown fatty acid of equivalent chain length 10.928, iso-C 16 : 1 I and C 14: 0 3-OH) and C 18 : 0 distinguished strain ZFJT-2 T clearly from R. giardinii KACC 10720 T (Table 3) .
Phylogenetic analysis based on 16S rRNA gene sequences supported the affiliation of strain ZFJT-2 T to the genus Rhizobium. However, low similarities in the housekeeping Rhizobium gei sp. nov.
genes, low DNA-DNA relatedness values and distinguishing phenotypic characteristics allowed genotypic and phenotypic differentiation of strain ZFJT-2 T from the phylogenetically closely related species of the genus Rhizobium. Therefore, on the basis of the data presented, strain ZFJT-2 T should be placed in the genus Rhizobium as a representative of a novel species, for which the name Rhizobium gei sp. nov. is proposed.
Description of Rhizobium gei sp. nov.
Rhizobium gei (ge¢i. L. gen. n. gei of the plant genus Geum, refering to the host of origin for the bacterium).
Cells are 0.7-0.9Â3.5-5.4 µm in size. Colonies grown on YMA for 2 days are white, opaque, circular, convex and 1- . All data are from this study except for the origin of strains 2 and 3, which are taken from Amarger et al. (1997) and Ren et al. (2011) , respectively. +, Positive; À, negative. , was isolated from the surface-sterilized stem of Geum aleppicum Jacq. collected from Taibai Mountain in Shaanxi Province, north-west China. The DNA G+C content of the type strain is 58.3 mol%.
